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Abstract
Objectives: Promoting physical activity is a global strat-
egy to reduce the burden of cardiovascular disease. This
study aimed to determine and compare the effect of light
resistance training using either dumbbells or ankle-wrist
weights on the anthropometric parameters and body
composition of adults in Kelantan, Malaysia.
Methods: This randomized community trial was con-
ducted in Kelantan, Malaysia, from March through
August 2012. Adults with a body mass index (BMI) of
more than 23 kg/m2 were randomized into dumbbell
(N ¼ 69) and ankle-wrist (N ¼ 69) weight groups. Par-
ticipants in the dumbbell group performed structured
group exercises three times per week using a pair of one-
kilogram dumbbells. Participants in the ankle-wrist
weight group were given one pair of 500 gm ankley. This is an open access article under the CC BY-NC-ND license
.1016/j.jtumed.2016.06.005
N.M. Yaacob et al.440weights and one pair of 500 gm wrist weights to be worn
during the activities of daily living three days per week for
at least 20 min. BMI, waist circumference (WC), waist-to-
hip ratio (WHR), body fat percentage (BF%) and skel-
etal muscle percentage (SM%) were measured at baseline,
week 6, month 3 and month 6.
Results: Eighty-nine participants completed this study.
There were significant reductions in BMI only at week six
for the dumbbell group. No significant BMI changes were
observed for the ankle-wrist weight group. Significant
improvements of WC, WHR, BF%, and SM% were
observed in both intervention groups from baseline at
week 6, month 3, and month 6.
Conclusion: Resistance exercise using either dumbbells or
ankle-wrist weights produced significant improvements in
certain components of body composition and anthropo-
metric parameters.
Keywords: Ankle-wrist weights; Cardiovascular risk; Dumb-
bells; Light resistance training
 2016 The Authors.
Production and hosting by Elsevier Ltd on behalf of Taibah
University. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).Introduction
Cardiovascular diseases (CVDs) are a group of disorders
of the heart and blood vessels that includes coronary heart
disease, cerebrovascular disease, peripheral artery disease,
rheumatic heart disease, congenital heart disease, deep vein
thrombosis and pulmonary embolism.1,2 In 2010, the
number of deaths caused by CVDs was 18.1 million. By
2030 it is predicted that 55 million people will die because
of NCDs, with 23.3 million annual deaths caused by CVDs
(primarily heart disease and stroke).2
Obesity and overweight are defined as an abnormal or
excessive accumulation of fat that presents health risks,
specifically the risk of CVDs.3 WHO defines overweight as a
body mass index (BMI) of greater than or equal to 25; people
with a BMI greater than or equal to 30 are considered obese.3
In the Asian population, it has been observed that health
risks increase below the BMI cut-off point of 25 kg/m2.
For this reason, a lower cut-off point for overweight
(23.0 kg/m2) has been proposed for use in these
populations.4
Physical inactivity or a lack of physical activity is one of
the most important public heath challenges in the 21st cen-
tury; it might even be the most important.5 It has been
identified as the fourth-highest risk factor for global mor-
tality (6% of all deaths globally) and was estimated to be the
main cause of approximately 21e25% of breast and colon
cancers, 27% of diabetes cases, and 30% of ischemic heart
disease burden.6
The importance of resistance exercise in promoting health
and preventing chronic diseases has become increasinglyrecognized7,8 because it has great potential not just to
improve skeletal muscle strength, endurance, power, and
neuromuscular function9 but also to contribute to the
prevention and management of atherosclerotic coronary
heart disease, hypertension, diabetes, overweight, and
obesity.10,11 However, traditional resistance training using
weight machines is resource intensive, potentially resulting
in lower adherence.12 To improve adherence, a simpler and
easier method of resistance training should be an integral
component of any training program that aims to reduce
obesity, CVD risk and overall health, especially at the
community level. Resistance training using lighter weights,
such as light dumbbells, does not require many resources
and has proven beneficial in improving overall health.13e15
This study was conducted to compare the effect of light
resistance training using dumbbells and ankle-wrist weights
on body composition and anthropometric measurements.
Materials and Methods
Study design
This randomized community trial was conducted in
Tumpat District, Kelantan (which is situated on the East
Coast of Peninsular Malaysia), from March 2012 through
August 2012. The calculation for the required sample size
was performed using STATA software (sample size calcula-
tion of means with repeated measures), with a type I error of
5% and type II error of 20%. The sample size obtained was
66 participants per group (after 40% dropout), resulting in
132 participants overall. Participants aged 18 to 60 years old
who volunteered to participate with a body mass index
(BMI) equal to or greater than 23.0 kg/m2 were included in
this study. Those who were pregnant, who were on any
weight management treatment/program, who had existing
joint pain that restricted physical movements, or who had
existing cardiac conditions (NYHA Functional capacity
class II, III and IV) were excluded. All of the participants
were randomized into two equal-sized groups using block
randomization: a light resistance training group using
dumbbells and a light resistance-training group using ankle-
wrist weights. The randomization sequence was concealed
using sealed envelopes.
Light resistance training protocol
Dumbbell exercise
A dumbbell exercise was performed with a pair of
commercially available lightweight (1 kg) soft dumbbells for
at least 15 min per day, three days per week using a dumbbell
exercise method invented by Professor Suzuki Masashige
(Bull Inst. Health & Sport Science, University of Tsukuba).16
Each exercise session was preceded by a five-minute
stretching routine. The dumbbell exercise consisted of 12
movements that targeted both the upper and lower body
large muscle groups. The 12 exercise movements were the
standing shoulder press, bent dumbbell row, squat, upper
body twist, butterfly, bent lateral raise, simultaneous curl,
concentration curl, one hand draw up, kick back, front
dumbbell raise, and triceps extension. Soft dumbbells were
used, enabling participants to have a firm grasp on the
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exercise, with two seconds of concentric and two seconds of
eccentric movement in continuous motion, and with 15e30 s
of rest between exercises. The total estimated time from
stretching to the end of exercise was approximately 20 min.17
Group exercises led by an instructor were conducted for
the first three months. During this supervised phase of
intervention, exercise sessions were conducted five times per
week in the community hall, and the participants were free to
choose to attend any three sessions.18Resistance training using ankle and wrist weights
Participants were given a pair of 0.5 kg ankle weights and
pair of 0.5 kg wrist weights, for a total weight of 2 kg. They
were instructed to wear them for at least 20 min per day three
days per week during activities of daily living that involved
movements of the upper and lower limbs, such as walking,
performing house chores, or gardening. Participants were
given notebooks to write the date and duration of their
training.Table 1: Sociodemographic comparison of participants in
dumbbell and ankle-wrist weight groups.Data collection
Waist circumference (WC) was measured using a non-
elastic measuring tape 2.5 cm above the umbilicus and
below the xiphoid process. Hip circumference was measured
at the largest circumference around the buttocks above the
gluteal fold (posterior extension). Waist to hip ratio (WHR)
was calculated by dividing waist circumference by hip
circumference. Height was measured using a non-elastic tape
attached to a wall. The height was recorded in centimetres.19
Body composition was determined through the bioelectrical
impedance method using an Omron Karada Scan HBF-
362 Body Composition Monitor, which gives information
about weight, BMI, total body fat percentage (BF%), and
skeletal muscle percentage (SM%).Variable Group Test
statistics
(df)
p-Value
Dumbbell
(n ¼ 40)
Ankle-wrist
weight (n ¼ 49)
Age (years) 37.98 (6.94) 40.10 (8.56) 1.29 (87) 0.209a
Sex
Female 34 (85.0) 40 (81.6) 0.18 (1) 0.673b
Male 6 (15.0) 9 (18.4)
Race
Malay 40 (100.0) 48 (98.0) e 0.551c
Siamese 0 (0.0) 1 (2.0)
Anthropometry
BMI
(kg/m2)
27.89 (4.55) 28.21 (4.43) 0.34 (87) 0.735a
WC (cm) 86.68 (10.15) 88.31 (11.57) 0.70 (87) 0.487a
WHR 0.83 (0.08) 0.85 (0.07) 1.27 (87) 0.209a
aStatistical analysis
Data entry and statistical analysis were performed using
SPSS software version 18.0.20 Analysis was begun with data
exploration to check for both the normality of data and for
any potential error in data entry. Repeated measures
analysis of variance (RM ANOVA) was used to determine
within-group changes of body composition and anthropo-
metric parameter (from baseline to sixth week, third month,
and sixth month), to compare overall differences between
groups (between group differences regardless of time) and to
compare differences between groups at each time level: at
baseline, at the sixth week, at the third month, and at the
sixth month (between-group differences with regard to time).BF (%) 34.89 (4.80) 34.69 (5.65) 0.18 (87) 0.861
SM (%) 24.21 (2.69) 24.02 (2.92) 0.30 (87) 0.764a
Data were described as the mean (SD) for age, frequency (%) for
sex and race.
Body mass index (BMI), waist circumference (WC), waist hip
ratio (WHR), body fat percentage (BF%), skeletal muscle per-
centage (SM%).
a Independent sample t-test.
b Chi-square test.
c Fisher exact test.Results
Initially, 136 participants were recruited to join the study.
Eighty-nine participants aged between 25 and 56 years old
completed this study, with 40 in the dumbbell group and 49
in the ankle-wrist group. There was no adverse event re-
ported. Comparison of socio-demographic data and baseline
characteristics for participants who completed this studyindicates that there were no significant differences between
those two groups (Table 1).
In this study, therewas a significant reduction inmeanBMI
in the dumbbell group at week 6 compared to the baseline
(mean difference, MD ¼ 0.23; 95% CI: 0.05, 0.42; p ¼ 0.007)
and no significant changes in BMI for other time comparisons.
For the ankle-wrist weight group there were no significant
changes inmean BMI for all time comparisons. There were no
significant differences in BMI between the two groups either
regardless of time (F(1,87)¼ 0.17, p¼ 0.678) or with regard to
time (Wilks’ Lambda F(3,85) ¼ 0.53, p ¼ 0.662) (Figure 1).
Participants in the dumbbell group showed a significant
reduction of WC from the baseline at week 6 (MD ¼ 4.30;
95% CI: 2.42, 6.18; p < 0.001), month 3 (MD ¼ 4.26; 95%
CI: 2.10, 6.42; p< 0.001), and month 6 (MD¼ 3.85; 95%CI:
1.96, 5.74; p < 0.001). Similarly, in the ankle-wrist weight
group, there were significant reductions in WC from the
baseline at week 6 (MD ¼ 3.49; 95% CI: 2.50, 4.48;
p < 0.001), month 3 (MD ¼ 3.31; 95% CI: 2.07, 4.55;
p < 0.001), and month 6 (MD ¼ 3.37; 95% CI: 2.22, 4.51;
p < 0.001). Differences between groups both regardless of
time and with regard to time revealed no significant differ-
ences (F(1,87) ¼ 0.93, p ¼ 0.337 and Wilks’ Lambda
F(3,85) ¼ 0.991, p ¼ 0.401) (Figure 2).
For WHR, the dumbbell group showed a significant
reduction from baseline at week 6 (MD ¼ 0.025; 95% CI:
0.006, 0.043; p < 0.004), month 3 (MD ¼ 0.022; 95% CI:
0.003, 0.041; p< 0.016), and month 6 (MD¼ 0.018; 95%CI:
0.001, 0.037; p ¼ 0.048). Similarly, in the ankle-wrist weight
group there were significant reductions in WHR from the
baseline at week 6 (MD ¼ 0.016; 95% CI: 0.006, 0.025;
p < 0.001), month 3 (MD ¼ 0.011; 95% CI: 0.001, 0.022;
Figure 1: Profile plot showing the BMI changes over time for the dumbbell and ankle-wrist weight groups.
Figure 2: Profile plot showing the WC changes over time for the dumbbell and ankle-wrist weight groups.
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p ¼ 0.008). No significant difference was observed between
the two groups either regardless of time (F(1,87) ¼ 2.86,
p ¼ 0.094) or with regard to time (Wilks’ Lambda
F(3,85) ¼ 1.69, p ¼ 0.175) (Figure 3).
In the dumbbell group, there were significant reductions
in BF% using time comparison for baseline versus week 6
(MD ¼ 0.85; 95% CI: 0.40, 1.30; p < 0.001), baseline versus
month 3 (MD ¼ 1.14; 95% CI: 0.60, 1.68; p < 0.001), and
baseline versus month 6 (MD ¼ 1.04; 95% CI: 0.49, 1.58;
p < 0.001). In the ankle-wrist weight group, there were also
improvements of BF% for similar time comparisons: base-
line versus week 6 (MD ¼ 0.79; 95% CI: 0.46, 1.12;
p < 0.001), baseline versus month 3 (MD ¼ 1.20; 95% CI:
0.72, 1.69; p < 0.001), and baseline versus month 6
(MD ¼ 1.12; 95% CI: 0.69, 1.56; p < 0.001). Between-group
comparison both regardless of time and regarding time
reveal no significant differences (F(1,87) ¼ 0.36, p ¼ 0.849
and Wilks’ Lambda F(3,85) ¼ 0.19, p ¼ 0.902) (Figure 4).
In the dumbbell group, there were significant increases in
SM% comparing baseline versus week 6 (MD ¼ 0.43; 95%
CI: 0.78, 0.08; p ¼ 0.007), baseline versus month 3
(MD ¼ 0.66; 95% CI: 1.06, 0.27; p < 0.001), and
baseline versus month 6 (MD ¼ 0.81; 95%
CI: 1.23, 0.38; p < 0.001). The ankle-wrist weight group
showed significant increases in SM% using time comparison
for baseline versus week 6 (MD ¼ 0.46; 95% CI: 0.65,
0.28; p< 0.001), baseline versus month 3 (MD¼0.82; 95%
CI: 1.13, 0.51; p < 0.001), and baseline versus month 6Figure 3: Profile plot showing the WHR changes over ti(MD ¼ 0.75; 95% CI: 1.11, 0.38; p < 0.001). Similar to
all other parameters, there was no significant difference in
SM% between the two groups both regardless of time
(F(1,87) ¼ 0.06, p ¼ 0.808) and with regard to time (Wilks’
Lambda F(3,85) ¼ 1.52, p ¼ 0.216) (Figure 5).
Discussion
The benefits of an active lifestyle with respect to avoiding
chronic diseases have been widely recognized.21,22 This study
investigated a six-month course of resistance training using
either a pair of lightweight dumbbells or lightweight ankle-
wrist weights on anthropometric parameters and body
composition.
BMI measurement is widely employed in epidemiological
studies to predict obesity-related morbidity and mortality in
adults. However, BMI does not distinguish between weight
associated with muscle and weight associated with fat.23 One
surrogate for adiposity measurements is WC, which reflects
central adiposity rather than general adiposity. Evidence
for the importance of central adiposity compared to overall
body fatness has been shown in many studies that have
demonstrated a link between central adiposity and an
increased risk of metabolic disturbance, morbidity, and
mortality.24,25 However, the use of WC has its own
limitations because WC represents not only subcutaneous
fat but also muscle, bone, blood vessels, nerves, and
internal fat. In addition, people with large musculature
may be misclassified as obese.26 Despite this limitation, ame for the dumbbell and ankle-wrist weight groups.
Figure 4: Profile plot showing the BF% changes over time for the dumbbell and ankle-wrist weight groups.
Figure 5: Profile plot showing the SM% changes over time for the dumbbell and ankle-wrist weight groups.
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obesity-related health risk has been recognized by several
epidemiological studies.27,28
WHR is also strongly associated with CVDs.29 This
finding was supported by a meta-analysis of 15 prospective
studies involving 258,111 participants, suggesting that WHR
was more strongly associated with CVDs than WC.30
Because BMI, WC, and WHR are all used as surrogate
measures of adiposity, it makes more sense to measure the
level of adiposity by measuring the percentage of body fat.
BF% has been suggested to be a better indicator of other
obesity comorbidities, such as coronary heart disease risk.
BF% has also been associated with both all-cause mortal-
ity and CVD mortality.31,32
In this study, a significant reduction in BMI occurred only
in the dumbbell group at the sixth week. However, the
changes could not be maintained beyond the initial six weeks.
No significant change of BMI was observed in the ankle-
wrist weight group. Significant reductions in WC, WHR,
and BF% with a significant increase in SM% were observed
at the sixth week, third month, and sixth month for both
groups compared to baseline.
Regular endurance training improves body composition by
decreasing fat mass and either increasing or maintaining fat-
free mass. Fat-mass reduction caused by endurance training
is associated with a reduction in body weight.33 Conversely,
resistance training is an efficacious and behaviourally
feasible alternative to aerobic activities for weight control,
even though body weight does not change as much because
the loss of fat mass is often offset by a gain in muscle mass.
This study showed that neither method of light resistance
training resulted in a significant BMI reduction. Inconsistent
BMI results from previous studies also indicate that resis-
tance training alone might not be able to produce a sub-
stantial reduction in weight.34,35 Even though this study did
not demonstrate a statistically significant reduction in BMI,
it is still clinically important because any reduction in weight
can increase a person’s motivation to continue any program
that aims to improve overall health.
A study conducted in Korea to determine the effect of
progressive resistance training using elastic bands and one-
to-three-kg ankle weights three times per week for twenty
minutes showed no significant changes in WC after eight
weeks. It has been suggested that a longer duration of pro-
gressive resistance training was necessary to produce a
noticeable statistical change in WC.36 However, in our study
six weeks of resistance training did not produce a significant
reduction in WC in either study group. The difference could
be attributable to a larger WC at baseline (87.6 cm in our
study compared to 76.7 cm in the Korean study).
Previous studies on the effect of resistance training on
WHR did not produce consistent findings. A study among 15
elderly patients who performed combined aerobic exercise
and moderate intensity resistance training resulted in a
reduction of WHR after six months.37 In contrast, a clinical
study comparing the effect of resistance and aerobic exercise
in 60 obese female adults showed no significant improvement
in WHR for both groups after 12 weeks.38
Reductions of BF% were consistently observed in other
resistance training studies. In a Korean study, the percentage
of body fat decreased significantly after 12 weeks of pro-
gressive resistance training from 27.7% to 26.0%.36 Similareffects were observed in the resistance training study
conducted in Turkey mentioned above, in which the
percentage of body fat decreased significantly from 29.7%
to 27.4% after eight weeks.34
Findings for SM% similar to those of this study have been
observed in previous published studies. Compared with
aerobic training, eight weeks of light resistance weight
training has the ability to produce a larger gain in muscle
mass.34 A one-kilogram increase in muscle mass was
observed in a 12-week progressive resistance training study
using elastic bands with ankle weights.36 Progressive
resistance trainingdspecifically, of the thighdproduced a
significant (5.4%) increase in muscle mass among older
healthy adults in as little as eight weeks.40 Another
progressive resistance training study among older adults
conducted for a longer duration (six months) revealed a
significant increase in total body lean mass and a
significant (3%) increase in the muscle mass of the leg.39Limitations and recommendations
In this study, only people who were interested and
therefore more motivated to reduce weight participated.
Motivation has been reported to play an important role in
the success of behavioural changes because of its direct effect
on adherence to the suggested program activity. Thus,
implementation of a similar exercise program among the
public might not result in a similar outcome compared to
that observed in this study. Further study of the effect of light
resistance training using similar or any other modalities is
recommended, especially studies that explore the effect ac-
cording to age, race, and gender.Conclusion
A similar pattern of change in anthropometric parameters
and body composition were observed between the two
groups in this study, suggesting that an unstructured form of
light resistance training using ankle-wrist weights have a
similar potential to reduce CVDs risk as a structured method
of light resistance training using dumbbells. Although there
was no significant reduction in BMI, significant improve-
ments inWC,WHR, BF%, and SM%were observed in both
groups and could potentially reduce the risk of CVDs.
However, a longer period of time is needed to observe a
reduction in the incidence of CVDs in the population.Conflict of interest
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